In Alzheimer's disease, heme oxygenase is coincident with Alz50, an epitope of tau induced by 4-hydroxy-2-nonenal modification.
In this study, we compared the neuronal induction of the antioxidant heme oxygenase-1 (HO-1) in Alzheimer's disease with abnormalities in tau marked by antibodies recognizing either phosphorylation (AT8) or conformational change (Alz50). The epitope recognized by Alz50 shows a complete overlap with HO-1-containing neurons, but AT8 recognized these neurons as well as neurons not displaying HO-1. These findings suggest that tau phosphorylation precedes the HO-1 response and that HO-1 is coincident with the Alz50 epitope. This led us to consider whether oxidative damage plays a role in forming the Alz50 epitope. We found that 4-hydroxy-2-nonenal (HNE), a highly reactive product of lipid peroxidation, reacts with normal tau and induces the Alz50 epitope in tau. It is important that the ability of HNE to create the Alz50 epitope not only is dependent on lysine residues of tau but also requires tau phosphorylation because neither methylated, recombinant, nor dephosphorylated tau reacts with HNE to create the Alz50 epitope. Supporting the in vivo relevance of this observation, endogenous paired helical filament-tau isolated from subjects with Alzheimer's disease was immunoreactive with an antibody to a stable HNE-lysine adduct, as were all vulnerable neurons in subjects with Alzheimer's disease but not in control individuals. Together, these findings support the involvement of oxidative damage early in neurofibrillary tangle formation in Alzheimer's disease and also suggest that HNE modification contributes to the generation of the tau conformation defining the Alz50 epitope. These findings provide evidence that an interplay between phosphorylation of tau and neuronal oxidative stress-induced pathology is important in the formation of neurofibrillary tangles.